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Device and method for examining chemical and/or biological samples. 

and objective cap 

The invention relates to a device and a method for examining chemical and/or 
biological samples with the aid of optical means, and an objective cap for the 
optical means used for this purpose. The optical means may, for example, be 
a microscope, in particular an inverse confocal microscope. 

Such examination devices comprise an objective for observing the sample. If, 
with the aid of the objective, for example a sample in the sample carrier is 
viewed from below through a sample carrier bottom transparent to observa- 
tion radiation, the given constellation of the refraction indices has an adverse 
effect on the course of the radiation path, in particular in high numeric objec- 
tives. Different refraction indices occur at the transitions between the exit lens 
of the objective and the ambient air as well as between the bottom of the 
sample carrier and the medium arranged between the objective and the sam- 
ple carrier bottom. 



In particular confocal microscopes used for high-throughput screening require 
a very small focus. This is necessary since in high-throughput screening sam- 
ples with small volumes in the pl-range are examined. Since the amount of 
radiation emitted by the sample and detected by the objective (collection effi- 
ciency) has a large influence on the measuring time, the aperture of the ob- 
jective must be as high as possible. This is of importance in particular in high- 
throughput screening since the measuring time is one of the crucial parame- 
ters. 



Usually, an immersion liquid with a refraction index of >1 is applied to the 
exit lens of the objective. Such an examination device, where the immersion 
liquid is automatically supplied, is known from WO 02/093232. The objective 
of the device is arranged at such a small distance to a sample carrier that the 
immersion liquid applied to the objective is held by capillary forces in a gap 
defined between the objective and an outer surface of a sample carrier wall. 



Alternatively, the immersion liquid may be supplied by vertically and/or hori- 
zontally moving the objective for the purpose of applying, for example with a 
pipette, an immersion medium, such as distilled water, to the objective with- 
out abutting on the sample carrier. The objective of the described device is 
surrounded by a collection means for receiving excess immersion medium. 
This arrangement is intended to prevent the objective from becoming fouled 
by particles adhering to the glass bottom. 

It is a drawback of such an examination device that the collection means can 
only be of a very small size due to shortage of space. This leads to difficulties 
with regard to discharge of the immersion medium in the collection means. 
The excess immersion medium normally forms individual drops in the collec- 
tion means, said drops being difficult to draw off the collection means by suc- 
tion via a single suction opening. Over time, the drops become increasingly 
larger such that there is the risk of a drop becoming that large that the im- 
mersion medium flows over the edge of the collection means. In particular 
when the sample carrier is subjected to high acceleration forces, as in the 
case of measuring time reduction in high-throughput screening, there is the 
risk of individual drops of the immersion medium adhering to the cover slip 
and falling down later. 

It is an object of the invention to provide a device and a method for examin- 
ing chemical and/or biological samples, and an objective cap which allows 
immersion liquid to be reliably and automatically supplied and discharged. 

According to the invention, the object is achieved with a device comprising 
the features of claim 1, a method comprising the features of claim 9, and an 
objective cap comprising the features of claim 12. 

The device for examining chemical and/or biological samples according to the 
invention comprises a sample carrier for receiving the samples to be exam- 
ined. An objective is arranged opposite the sample carrier, the objective 



forming in particular a part of an inverse microscope. For observing the sam- 
ples, the sample carrier comprises a sample carrier wall transparent to the 
corresponding wavelength. An exit lens of the objective is arranged opposite 
an outer surface of the sample carrier wall such that the sample can be ex- 
amined through the sample carrier wall. Between the exit lens of the objective 
and the outer surface of the sample carrier wall a gap is defined which corre- 
sponds to the subject focal distance of the objective. The gap has a width 
which allows a film of an immersion medium to be arranged therein such that 
the film is in contact with both the outer surface of the sample carrier wall 
and the exit lens or the exit window of the objective. For this purpose, the 
gap preferably has a distance of less than 1000 urn, in particular less than 
500 urn, and most preferably less than 200 urn. 

The exit lens or the exit window is surrounded by a protection means pre- 
venting the objective from becoming fouled by the immersion medium. The 
protection means is connected with a suction means for discharging the im- 
mersion medium. According to the invention, the protection means comprises 
a capillary channel connected with the suction means for discharging the im- 
mersion medium, i.e. the immersion medium is discharged, at least partly 
with the aid of capillary forces, via the capillary channel. 

Due to the capillary forces prevailing in the capillary channel, part of the im- 
mersion medium, which is for example present as drops, is drawn by suction 
into the capillary channel. Thereby a drop of the immersion medium is quasi 
punctured or lanced such that the immersion medium drop leaks into the cap- 
illary channel. The risk of a drop becoming increasingly larger and passing the 
protection means thus fouling the objective is thus eliminated. Thus reliable 
supply and discharge of immersion medium is ensured. 

The protection device may, for example, comprise a plurality of capillary 
channels having inlet openings annularly arranged around the exit lens. The 
inlet openings have a cross-sectional area of preferably <1 mm^, in particular 



<0.8 mm 2 . To facilitate manufacture, the capillary channel is alternatively 
configured essentially as an annular gap around the exit lens, i.e. the individ- 
ual inlet openings are quasi combined into a single gap. The gap width of the 
annular gap is in particular smaller than 500 pm. 

In a preferred embodiment, the protection means comprises at least two col- 
lar portions arranged around the objective and defining the capillary channel. 
This means that the collar portions comprise a region in which they are 
spaced relative to each other such that the capillary channel is defined. 
Thereby the manufacture of the capillary channel can be facilitated. Further, 
the installation of the protection means can be facilitated since it is possible to 
arrange the collar portions in the form of onion-like layers or layer-wise one 
upon the other. When a plurality of collar portions are arranged one upon the 
other, it is particularly easy to define a plurality of capillary channels. For ex- 
ample, one capillary channel is used for discharging and one capillary channel 
is used for supplying immersion medium. Supply and discharge are thus car- 
ried out in separate capillary rings. 

The protection means preferably comprises an overflow reservoir for addition- 
ally receiving the immersion medium. This prevents the objective from be- 
coming fouled by immersion medium in case the objective is removed from 
the sample carrier after examination of a sample carrier and thus suddenly a 
larger part of the film of immersion medium arranged in the gap between the 
exit lens and the sample carrier wall flows off. In particular, to make an addi- 
tional suction means superfluous, the capillary channel is connected with the 
overflow reservoir. This is accomplished in particular in that the overflow res- 
ervoir comprises a reservoir bottom having a reservoir bottom opening which, 
in a preferred embodiment, corresponds to the capillary channel configured as 
an annular gap. Thus the capillary channel is connected via this reservoir 
bottom opening with the overflow reservoir. In this embodiment, the immer- 
sion medium to be discharged flows, for example as a single drop, first into 
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the overflow reservoir and is discharged from there with the aid of the capil- 
lary forces prevailing in the capillary channel. 

In a particularly preferred embodiment, the device for examining chemical 
and/or biological samples further comprises a supply means having a supply 
line, wherein an outlet opening of the supply line is arranged that near the 
exit lens of the objective that supply of immersion medium into the gap is ef- 
fected at least partly with the aid of capillary forces. The supply line is in par- 
ticular configured as described in WO 02/093232. This measure helps to 
automatically supply immersion medium into the gap. In cooperation with the 
capillary channel automatic discharge of the immersion medium is effected at 
the same time such that a continuous exchange of immersion medium, for 
example for preparation and/or cleaning purposes, can be ensured. Further, 
time-consuming supply of immersion medium by pipetting becomes superflu- 
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Alternatively to supply via the supply line/the immersion medium may be 
supplied via the capillary channel. In this embodiment, the capillary channel is 
not connected with the overflow reservoir but comprises a capillary channel 
opening which is arranged that near the exit lens that supply of immersion 
medium into the gap is effected at least partly with the aid of capillary forces. 
Further, the capillary channel is connected with a valve, in particular a 3/2- 
way valve, via which the capillary channel is connected with both the suction 
means and the supply means. In contrast to the embodiment with the supply 
line, here the immersion medium is not exchanged continuously but discon- 
tinuous^. This means that in one work step immersion medium is supplied 
and, when the valve has been switched, immersion medium is discharged in 
another work step, or vice versa. 

* 

Further, the invention relates to a method for examining chemical and/or 
biological samples, in particular with the aid of a device described above. In 
the method according to the invention, an exit lens of an objective is arranged 



opposite a sample carrier for allowing the sample to be observed through a 
sample carrier wall. Between an outer surface of the sample carrier wall and 
the exit lens of the objective a gap is defined such that in the gap a film of an 
immersion medium is arranged, e.g. with the aid of capillary forces. The film 
is in contact with both the outer surface of the sample carrier wall and the 
exit lens of the objective. According to the invention, the immersion medium 
is automatically discharged via a capillary channel defined in a protection 
means surrounding the objective, the discharge being supported at least by 
capillary forces. To improve discharge of the immersion medium, a low vac- 
uum is produced, in particular in the capillary channel, with the aid of a suc- 
tion means. 

In a preferred embodiment, the immersion medium is supplied automatically, 
at least partly with the aid of capillary forces. It is particularly advantageous 
to discharge the immersion medium such that the volume of the film of im- 
mersion medium remains essentially constant. The discharged volume flow is 
essentially adjusted in accordance with the supplied volume flow. The dis- 
charged amount of immersion medium can be adjusted by constructional 
measures, for example by correspondingly dimensioning the capillary channel. 
Further, the discharged amount of the immersion medium can be adjusted by 
varying a prevailing negative pressure. This is in particular effected automati- 
cally with the aid of a corresponding control means which detects in particular 
the size of the film of immersion medium in the gap between the exit lens and 
the sample carrier wall. 

Further, the invention relates to an objective cap for preventing an objective, 
which in particular forms a part of the device according to the invention, from 
becoming fouled by an immersion medium. For this purpose, the objective 
cap comprises an inner collar portion to be placed onto the objective. Further, 
the objective cap comprises an outer collar portion arranged around the inner 
collar portion. The inner collar portion and the outer collar portion are at least 
partly spaced relative to each other such that an essentially annular capillary 



channel is defined. The outer collar portion comprises an outlet opening via 
which the capillary channel is connected with a suction device. Further, the 
outer collar portion comprises an overflow reservoir for receiving the immer- 
sion medium, wherein the overflow reservoir comprises a reservoir bottom 
having a reservoir bottom opening via which the capillary channel is con- 
nected with the overflow reservoir for discharging immersion medium. The 
objective cap according to the invention essentially offers the same advan- 
tages as the device according to the invention. The objective cap is in par- 
ticular configured such that it corresponds to the protection means of the de- 
vice according to the invention. Further, the objective cap is suitable for car- 
rying out the method according to the invention. 

Embodiments of the invention will now be described in greater detail with refer- 
ence to the accompanying drawings in which: 

Fig. 1 shows a schematic side view of a first embodiment of the device ac- 
cording to the invention, 

Fig. 2 shows a perspective schematic view of the device of Fig. 1, 

Fig. 3 shows a schematic sectional view of an objective cap according to the 
invention, 

Fig. 4 shows a schematic sectional view of another embodiment of the device 
according to the invention, and 

Fig. 5 shows an enlarged portion of the protection means of Fig. 4. 

The device for examining chemical and/or biological samples according to the 
invention shown in Fig. 1 comprises a sample carrier 10 for receiving the 
samples. The sample carrier 10 comprises a sample carrier wall 12 through 
which an objective 14 of a confocal microscope (not shown) can examine the 
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samples from below. Between an exit lens 16 and an outer surface 18 of the 
sample carrier wall 12 a gap 20 is defined in which a film 22 of an immersion 
medium is provided with the aid of capillary forces. The film 22 is in contact 
with both the outer surface 18 and the exit lens 16. 

The exit lens 16 is surrounded by a protection means 24 which prevents the 
objective 14 from becoming fouled by the immersion medium. In the illus- 
trated embodiment, the protection means 24 is configured as an objective 
cap. This means that the objective cap 24 is adapted to be placed onto the 
objective 14. The protection means 24 comprises an inner collar portion 26 
and an outer collar portion 28. The inner and outer collar portions 26,28 com- 
prise a region in which they are spaced relative to each other such that a cap- 
illary channel 30 is defined. The capillary channel comprises a capillary chan- 
nel opening 32 via which the immersion medium to be discharged can be 
drawn by suction into the capillary channel 30. The capillary channel 30 is 
connected via an outlet opening 34 provided in the outer collar portion 28 
with a suction means. 

The outer collar portion 28 further comprises an overflow reservoir 36 
adapted to additionally receive immersion medium. The overflow reservoir 36 
comprises a reservoir bottom 38 having a reservoir bottom opening 40. In the 
illustrated embodiment, the reservoir bottom opening 40 is identical with the 
capillary channel opening 32. 

The device for examining chemical and/or biological samples according to the 
invention further comprises a supply line 42 via which immersion medium is 
supplied, with the aid of capillary forces, into the gap 20 between the exit lens 
16 and the sample carrier wall 12. For this purpose, the supply line 42 is con- 
nected with a supply means which returns immersion medium which has pre- 
viously been discharged, for example via the capillary channel 30, and subse- 
quently cleaned and conditioned, if necessary. 



As can be seen in Fig. 2, the overflow reservoir 36 additionally comprises an 
opening 44 via which the supply line 42 can be fastened. The supply line 42 is 
thus fixed in its position relative to the objective 14. Any resilient movement 
of the objective 14 does thus not cause the supply line 42 to move out of its 
proper position. 

Fig. 3 shows an objective cap 48 according to the invention, which is config- 
ured such that it corresponds to the protection means 24 of Fig. 1 and Fig. 2. 
Elements of the objective cap 48 acting identically bear the same reference 
numerals. In the overflow reservoir 36 a drop 50 of immersion medium is 
shown which is positioned above the reservoir bottom opening 40 and/or the 
capillary channel opening 32. Due to capillary forces prevailing in the capillary 
channel 30 part 52 of the drop 50 is drawn by suction into the capillary chan- 
nel 30. The part 52 is "forced open" by the capillary forces such that the drop 
50 leaks into the capillary channel 30. 

The inner collar portion 26 of the objective cap 48 has a contour 54 which al- 
lows the cap to be placed as easily as possible onto an objective 14. Further, 
the inner collar portion 26 comprises two extensions 58,60 into which a seal- 
ing ring can be inserted. The latter serves as a seal between the objective 14 
and the inner collar portion 26. 

The inner collar portion 26 further comprises a shoulder 62 which, acting as a 
stop, holds the outer collar portion 28. With the aid of the shoulder 62 a pre- 
cisely defined capillary channel 30 can be adjusted, which can be further ad- 
justed by adding or removing annular spacer elements (not shown). 

In the second embodiment of the device for examining chemical and/or bio- 
logical samples according to the invention shown in Fig. 4, elements acting 
identically bear the same reference numerals. In this embodiment, the outer 
collar portion 28 does not comprise any direct connection between the over- 
flow reservoir 36 and the capillary channel 30. The capillary channel opening 
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32 is thus not located near the overflow reservoir 36 but near the film 22 of 
immersion medium. Similar to the supply line 42 of the first embodiment of 
the device according to the invention, the capillary channel opening 32 is ar- 
ranged that near the exit lens 16 that immersion medium is supplied into the 
gap 20 at least partly with the aid of capillary forces. This means that the 
capillary channel 30 is used for both discharge and supply of immersion me- 
dium. For this purpose, the capillary channel 30 is connected via the outlet 
opening 34 with a 3/2-way valve which, in turn, is connected with the suction 
means and the supply means. In this embodiment, a supply line 42 is not re- 
quired. 

Thus medium flows through the capillary channel 30 in two directions, as indi- 
cated by arrow 64 in Fig. 5. Thus the capillary channel 30 serves for both dis- 
charge of immersion medium with the aid of capillary forces and supply of 
immersion medium with the aid of capillary forces. 



